How long (in days) do flexible endoscopes that have undergone reprocessing with high-level disinfection (HLD) maintain the same level of disinfection and remain safe to use when stored as recommended by the manufacturer?
significant morbidity and loss of productivity.
Endoscopes are mechanical instruments that are inserted through a natural orifice in the body in order to look directly at the internal organs. 3 They can be inserted through the mouth or anus in order to look directly at the walls of the gastrointestinal tract ( Figure 1) . A specific endoscope, the bronchoscope, is inserted through the mouth or the nose in order to view the trachea and passageways to the lungs. The first endoscopes were very rigid, but innovations in technology have produced a more flexible instrument. Current endoscopes are flexible, have fiber-optics to provide light and moveable parts that can be threaded around angles in the GI tract. The most advanced endoscopes now utilize computer technology to provide enhanced imagery, video recordings and final reports. The endoscope essentially has a camera attached to a long, thin tube which moves through the openings in the body and projects the images onto an external screen. The endoscope can be used to look at the trachea, bronchi and lungs (bronchoscopy); colon (colonoscopy and sigmoidoscopy); esophagus and stomach (upper gastrointestinal endoscopy); and biliary tract (endoscopic retrograde pancreatography).
Figure 1: Parts of the Flexible Endoscope
The flexible endoscope is a complex instrument with delicate parts which break or malfunction unless the endoscope is handled appropriately. As seen in Figure 1 , the endoscope has four major parts: the control body, the insertion tube, the bending section (distal tip) and the light guide connector. The internal components of the endoscope include: (a) a mechanical system which permits the tip to be manipulated in different directions; (b) a plumbing system with suctioning to remove gas, secretions, irrigants and other fluids; and (c) an illumination system which allows the inside of the body to be seen on a monitor. The endoscope also has removal accessories which include valves and caps. 4 Endoscopes are inserted through the upper respiratory tract or the gastrointestinal tract, which contain colonies of microorganisms (e.g. bacteria, viruses). Therefore, a used endoscope must be appropriately cleaned and reprocessed to remove all microorganisms in order to avoid infecting subsequent patients.
Reprocessing is a standardized process of pre-cleaning, leak testing, manual cleaning, rinse after cleaning, high-level disinfection (manual or with automated reprocessors), rinsing to remove high-level disinfectants, drying and storage. Strict adherence to reprocessing guidelines effectively removes all microorganisms and most spores from contaminated endoscopes, without damaging the scopes.
Although sterilization is more effective at killing microorganisms and spores, it cannot be used because it damages the scopes.
Need for and nature of reprocessing
Proper reprocessing of endoscopes and accessories is critical to the safe and successful treatment of patients. 5 The Society of Gastroenterology Nurses and Associates (SGNA), 3 the American Society for
Gastrointestinal Endoscopy (ASGE), 5 and the European Society of Gastrointestinal Endoscopy, 6 support increased research in the areas of endoscope design. They encourage manufacturers to develop flexible gastrointestinal endoscopes that are easily disassembled for reprocessing and verifying the effectiveness of both cleaning and high-level disinfection.
Flexible endoscopes reprocessed according to national and international standards pose virtually no risk of transmission of patient-borne or environmental microorganisms when scopes are used soon after being reprocessed. 3 Endoscopes which are not reprocessed following these standards may develop biofilm, a matrix of different types of bacteria that adhere to the endoscopes and are resistant to high-level disinfection. 7, 8 Failure to adhere to established reprocessing guidelines, defective endoscopes and automated reprocessors, and contaminated water sources account for all of the reported cases of bacterial and viral transmissions. 5 In the absence of defective equipment, every reported case of hospital acquired infection associated with a contaminated endoscope has been linked to a breach in the requisite reprocessing steps.
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The Spaulding classification system is universally used to choose the appropriate method of disinfection or sterilization for a particular class of medical device. 5 Medical devices are classified as critical, semi-critical or non-critical, depending on how the device is used. Critical devices (e.g. reusable biopsy forceps) break the mucosal barrier and should be sterilized. Semi-critical devices (e.g. endoscopes) come in contact with mucous membranes or non-intact skin and should be sterilized or receive high-level disinfection. Non-critical devices (e.g. blood pressure cuffs and stethoscopes) touch intact skin and can be cleaned with soap and water or disinfected with a germicide.
Steps in endoscope reprocessing (including high-level disinfection)
As a semi-critical device, endoscope reprocessing includes cleaning, high-level disinfection, high-level rinsing and drying.
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1. Cleaning. Cleaning includes pre-cleaning, leak testing and manual cleaning and rinsing. First, the endoscope is immediately pre-cleaned after use in order to remove gross contamination before it can adhere and harden. Prompt efficient cleaning helps to prevent biofilm, a matrix of microorganisms and other debris that form on the endoscope surfaces and are resistant to high-level disinfection. After removing the detachable parts, the endoscope is tested for leaks in order to determine whether it can be safely reprocessed. After leak testing, the endoscope is mechanically cleaned with brushes, detergents and rinses. All interior channels are cleaned with a low foaming enzymatic detergent and brushes. The scope is thoroughly rinsed with water after cleaning to remove all detergent and debris. 4. Drying. The final step in the process is drying of the endoscope. Alcohol is often utilized followed by forced air through the channels to completely dry the entire endoscope prior to storage. Alcohol is not used in all countries because of its fixative properties or when reprocessed scopes will not be subjected to overnight or longer storage. 
Motivation for the review
The literature reveals a lack of clarity about the length of time endoscopes may be stored before they pose a contamination risk. For example, the document, Guideline for Disinfection and Sterilization in Healthcare Facilities, from the Centers for Disease Control provides detailed steps for reprocessing endoscopes, but makes no recommendations about the length of time scopes can be safely stored before reuse. 9 The Multisociety Guideline for Reprocessing Flexible Gastrointestinal Endoscopes concludes that "although reuse of endoscopes within 10 to 14 days of high-level disinfection appears to be safe, data are insufficient to provide a maximal duration for use of appropriately cleaned, reprocessed, dried, and stored flexible endoscopes". 5(p1080) Infection control guidelines from the Gastroenterological Society of Australia limits storage to 12 to 72 hours before reprocessing, depending on the type of scope. 12 Other organizations, including the Society of Gastroenterology Nursing and
Associates, make no recommendations because of the lack of scientific evidence. 3 The European
Society of Gastrointestinal Endoscopy and the European Society of Gastroenterology and Endoscopy
Nurses and Associates leave the endoscope storage decision to local policies. 6 Three studies identified in an initial search of the literature on safe storage of endoscopes, varying amounts of safe shelf life following endoscope reprocessing ranging from five days, 13 to seven days.
14,15
The length of shelf life was limited by the time span of the study. When discussing length of storage, these studies assumed that the endoscopes were properly reprocessed (including thorough drying) and stored appropriately (no caps or valves attached, hung vertically in a clean, well-ventilated cabinet, with recommended temperature and humidity levels). 16 In all three studies, the outcome, endoscope contamination, was measured by flushing endoscope channels with sterile water at various time periods and culturing the returns to determine whether microorganisms were present. [13] [14] [15] Endoscopy is used around the world to diagnose and treat gastrointestinal and pulmonary diseases.
Since the endoscopes are contaminated during use, proper cleaning and disinfection are necessary to prevent the spread of disease. Contaminated endoscopes have been linked to such prevalent diseases as hepatitis C, hepatitis B and helicobacter pylori, which are particularly common in developing countries. 17 
Inclusion criteria

Types of participants
This systematic review does not aim to identify and include studies that have involved human participants, but rather that have included high-level disinfected endoscopes that are not immediately used. The review's approach with respect to the type of endoscope is inclusive and with the exception of one kind, studies that have focused on use, reprocessing and storage hang time of any type of endoscope (e.g. gastroscope, bronchoscope, jejunoscope, laryngoscope, colonoscope, etc.) are to be considered for inclusion. The exception endoscope, that will not be considered, is the natural orifice translumenal endoscopy (NOTES). This is because NOTES is an emerging technology where a surgical procedure is performed to gain access to an organ (e.g. kidney, gall bladder) through a natural orifice.
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To be considered for inclusion, the endoscopes must have been cleaned using the recommended reprocessing steps described previously. In addition, the studies must have included reports of negative or positive culture of microorganisms and the specific length of time that cultures were obtained following reprocessing.
Phenomena of interest
The phenomena of interest of the proposed review is the length of time that endoscopes which have been properly reprocessed and stored can remain in a storage cabinet or closet before reuse without presenting a contamination risk.
Types of outcomes
This review will consider studies that include the following outcome measures: length of endoscope storage and measure of microorganism growth (e.g. cultures). The studies must also include the type of endoscopes used, as well as the method used to contaminate the endoscopes and specific reprocessing steps (e.g. type of rinse water, specific high level disinfectant, manual or automated reprocessing, method of drying before storage).
Types of studies
This review will consider both experimental and epidemiological study designs including randomized controlled trials, non-randomized controlled trials, quasi-experimental, before and after studies, prospective and retrospective cohort studies. Studies involving microbiological testing of the endoscope immediately following HLD and ongoing microbiological surveillance will be needed and included.
Search strategy
The initial search will not be limited by language, but only studies in English and Spanish will be reviewed since the reviewers are native English speakers, speak some Spanish and have ready access to a certified Spanish-English translator. The search strategy will identify both published and unpublished studies. A three-step search strategy will be used in this review. First, a search of MEDLINE, CINAHL and EMBASE will be undertaken, followed by analysis of the text words contained in the title and abstract and of the index terms used to describe the articles. These include endoscope, reprocessing, shelf life and hang time. Second, a search using all identified keywords and index terms will be undertaken across all included databases. Third, the reference lists of all identified reports and articles will be searched for additional studies. Pertinent references will also be used for a citation search (to find others who have cited the references) to find more current materials.
The databases to be searched include:
• MEDLINE
• ProQuest Dissertation (includes unpublished dissertations)
• EMBASE
• CINAHL
• Google Scholar (includes unpublished studies and "Cited by" function)
• Publications of the American Chemical Society Studies identified in these databases will be considered for inclusion in this review. The inclusion dates for consideration in this review will be 1990 -to date, since high-level disinfection of immersible endoscopes was not standardized until after 1991. 25 Since studies published since 1990 are being reviewed, it is expected that all publications will be available electronically and therefore a hand search will be unnecessary.
Initial keywords to be used will be:
• High-level disinfection • Endoscopes (bronchoscope, gastroscope, colonoscope, jejunoscope)
• Microorganisms
• Reprocessing
The titles for all studies identified during the database search will be checked to eliminate duplicates.
Each study will be assessed for relevance using information from the title, abstract and descriptor/MeSH terms. The full text will be retrieved for any study that is determined to be relevant and meets inclusion criteria. Studies identified from reference list searches will be assessed for relevance based on the study title and if deemed relevant, the full texts will be retrieved.
When reviewing the full reports of studies, a checklist (Appendix I) will be used to determine whether or not each study meets inclusion criteria.
Assessment of methodological quality
Papers selected for retrieval will be assessed by two independent reviewers for methodological validity prior to inclusion in the review using standardized critical appraisal instruments from the Joanna Briggs
Institute Meta-Analysis of Statistics Assessment and Review Instrument (JBI-MAStARI) (Appendix II).
Any disagreements that arise between the reviewers will be resolved through discussion, or with a third reviewer.
Data collection
Data will be extracted from papers included in the review using the standardized data extraction tools from JBI-MAStARI (Appendix II). The data extracted will include specific details about the interventions, populations, study methods and outcomes of significance to the review question and specific objectives. The reviewers will attempt to contact the authors of primary studies when information is missing or unclear.
Data synthesis
Quantitative data will, where possible, be pooled in statistical meta-analysis using JBI-MAStARI. All results will be subject to double data entry. Effect sizes expressed as odds ratios (for categorical data) and weighted mean differences (for continuous data) and their 95% confidence intervals will be calculated for analysis of storage time and microorganism colonization. Heterogeneity will be assessed statistically using the standard Chi-square and also explored using subgroup analyses based on the different study designs included in this review. Where statistical pooling is not possible, the findings will be presented in narrative form including tables and figures to aid in data presentation where appropriate.
Conflicts of interest
There is no conflict of interest for any of the reviewers.
10.11124/jbisrir-2014-1353
Page 59
acknowledge The University of Texas at Arlington and Texas Christian University for ongoing support of scholarly activities.
